Abstract: Co-design approaches invite users in the early phases of design process for designing new products or services, which helps collecting users' Kansei data. As users are not formally trained as designer, tools and techniques have been proposed to help users to be creative in co-design. However, hierarchical structure in design teams has negative impacts on quality of collaboration in co-design. In this paper, as a step for employing co-design approach to collect users' Kansei values, we developed new tools for idea generation and selection. Anonymity was expected to help the participants to freely express their thought. The tools were assessed in a lab-based experiment with sixteen Japanese subjects. Findings show that anonymity leads to higher both objective and perceived creativity in idea generation and increases critical discussion and participants' perceived performance in idea selection. These findings have the potential to be used in developing tools for design practice.
INTRODUCTION
Once technologies reach at a saturation point, designing remarkable new products or services requires companies to pay attention not only to product functionalities but also to users' needs and subjective expectations, i.e. users' kansei [1] . Kansei values can be grasped through a co-design approach, where users are treated as partners, co-designers, in early design process [2] [3] [4] [5] .
The goal of the design phase, also known as fuzzy front end, is to determine what is to be designed in the following process. In the phases, designers and co-designers engage in research and ideate to understand users, context of use and technologies [2] . The process requires designated ways of designing because co-designers are not formally trained as designers. There are needs of designated design tools for co-design which considers co-designers as primary users of design tools. Therefore, design researchers developed and proposed co-design tools to support creative capabilities of co-designers.
However, as designing is a social activity based on collaboration [6] , literatures shows that several factors have a major impact on effectiveness of the tools [7] . Some of the examples are: sharing ideas freely within a hierarchy [7] [8] [9] [10] [11] , collaborating with strangers [7, 12, 13] , harmony of group [8, 11] and difference in language [7] . Therefore, our overall objective is to create tools for co-design with consideration to those barriers due to social aspects of collaboration. This paper aims to take a primary step toward creating co-design tools which take the barriers into account. We focus issues of hierarchy in this paper because hierarchical organizational structure is one of major factors hindering co-design in Japan, where the authors base [9, 14] . In this paper, we report lab-based experiments with university students in Japan, in order to investigate the effectiveness of two tools which offer anonymity to idea generation and selection in group design activities.
RELATED STUDIES

Idea generation and selection are key activities of co-design
There have been a number of co-design tools and techniques proposed in order to provide help to nondesigners to be creative [15] . Those tools and techniques can address different level of knowledge through collecting activities which co-designers engage [16] . Kansei values is linked to tacit and latent knowledge [17] . Tacit knowledge is that people can behave with, but cannot be verbally expressed [18] . This layer of knowledge shapes the way we perceive the world and determine how people behave [19] . Latent knowledge is the people are not aware of. It can be only recognizable in the future [16] . These layers of knowledge can be addressed by generative sessions, which are techniques allowing people to make in design discussion [16] . In generative sessions, non-designers engage in creating objects to express their emotion, dreams and feelings [16] . Through the design process, co-designers iterate divergence and convergence process [20, 21] . As a form of divergence and convergence process, idea generation and idea selection is an important process to be supported through designated tools.
Impacts of anonymity on design discussion
Influence of anonymity on design discussion has been investigated mainly in computer mediated interaction [22] . There are two types of anonymity in group communication, which are process and content. Process anonymity refer to the ability of group members' addressing who is contributing discussion while content anonymity preventing another member from identifying who contributes to a particular comment [23] . Anonymity offers hiding personal identity, which let people to put more emphasize on higher level of their social groups [24] . It leads to more satisfaction and higher performance, both subjectively and objectively [25] . Anonymity has also positive impacts on idea generation and idea selection activities. It is reported that the degree of originality and fluency of ideas are higher in anonymous condition created by computer mediated communication [22] . The influence of anonymity in face-to-face meeting is still unclear in the literature.
RESEARCH QUESTION AND HYPOTHESIS
Building up on aforementioned studies, our objective is to develop a new tool to help co-designers to express their opinion during idea generation and idea selection. We expect that anonymity mitigate pressure of following hierarchical order, which leads to increase freedom of speech and creativity in a group face-to-face setup.
CREATION OF TOOLS FOR ANONYMITY
"Idea Train" tool for idea generation
We designed a tool where each participant has his/her own isolated space and a device sharing ideas anonymously so that participant can share the ideas but not see owner of ideas. (cf. Figure 1 ) In an individual space, each participant is given sticky notes and pieces of thick papers for idea sharing. Participants write an idea on a sticky note, then hang an idea to the tool at the center of the table. The ideas on sticky notes are moved and shared with the people around through the motion of toy-like train.
"Hidden Judge" tool for idea evaluation
We developed a setup where each idea has its own isolated workspace in which only one participant is allowed to enter to offer anonymity. (cf. Figure 2 ) Each participant is given a worksheet to indicate in which order they have to visit the four ideas' spaces. (cf. Figure 2 (a) right-up corner) The participants are asked to move around the spaces at the same time when facilitators ask them to do so. The worksheet and the facilitation allow participants to move around spaces individually and anonymously because the participants cannot know who is in which space. In each idea space, an idea and a grid categorizing pros (advocate) and cons (opponent) are displayed on a large sheet of paper. The participants are asked to write as many pro and contra (pros/cons) as possible on sticky notes then paste them on the sheet. The setting enables participants to write pros/cons anonymously, whereas they can take advantage of group by seeing the ideas of other participants. 
EXPERIMENTAL ASSESSMENT OF THE TOOLS
In order to evaluate the impact of the tools on participation and creativity, sixteen university students, who were divided into four groups of four, participated in the experiment in two different conditions: first session without tool, in other words using existing methods, (control condition) and second session with tool. The usefulness of the tools was assessed by two measurements; questionnaires evaluating participants' perceptions and evaluation of design outcomes created by the participants.
Two design topics were given in counter-balanced order to avoid order effect: Topic 1 "Imagine crazy solutions for thermal comfort during summer, in office, bedroom or outside" and Topic 2 "Imagine crazy solution for traveling on snow, sand or water".
All sessions were conducted in Japanese to avoid any misunderstanding. Consequently, questions and the design tasks reported in this paper were translated by the authors into English.
Participants
16 Japanese students from [Tokyo Institute of Technology] participated in this study. Eight of them were undergraduate students and eight were graduate students. Participants were assigned to four groups of four subjects. A group consists of two undergraduate students and two graduate students, in order to introduce senpai (oldest) and kouhai (youngest) relationships which leads some perceived hierarchical differences between the participants. Senpai and Kouhai relationships are widely recognized in Japanese society as a hierarchical structure of the society [26, 27] .
Experimental Procedure (Design Session)
The design session was designed to follow the second half of double diamond model [20] , where designers first diversify ideas then converge to one idea. The interactions among participants were partially restricted in tool condition to offer anonymity whereas all kinds of interactions were allowed in the control condition. Detailed condition of each task is described in the following subsections.
Each 29-minute design task comprised seven small design steps (see Table 1 ). The first step of the session was idea generation where participants were asked to generate as many ideas as possible by following brainstorming rules [28] in 7 minutes. In the tool condition, an anonymous environment was provided with "Idea Train" whereas in control condition, the participants conducted the task as a group in a face-to-face meeting setup.
Following the idea generation, the participants evaluated and rank four best ideas among the ideas which the participants generated at the previous step, based on originality of each idea. First, the participants were given two minutes to eliminate the same ideas to avoid splitting votes into the same concepts. Then, the participants had five minutes to rank the ideas in five minutes. Four ideas were selected by calculating the sum of ranks of the participants at the session; four points were given to first rank idea and one point was given to fourth rank idea. The impacts of anonymity were assessed by contrasting tool with control condition where participants paste sticker on ideas in front of others.
The forth step is pros/cons phase, whose objective is to write down pro (advocate) and contra (opponent) of the idea. The participants had two minutes to think and write both pros/cons of each idea on sticky notes. Consequently, this step took eight minutes in total. The sticky notes are shared on a big paper so that they can take advantage of group work. We expected to increase anonymity in comparison with control condition where each participant talk face-to-face in front of a board with other participants.
Following three steps, discussion, sketch and presentation were conducted in the same way at both conditions. In discussion step, participants discussed to select the best idea among four ideas in five minutes. Then the participants sketched their concept in 1 minute on a A3 paper as a group. In following presentation step, participants gave presentation in 1 minute as a group.
Data collection to assess usefulness of the tools
The experiment was evaluated by two measures; questionnaire evaluating participants' perception of their performance and participants' outcome created during Manipulation of experiment settings were assessed through a questionnaire evaluating the level of anonymity offered by the tools. Level of perceived anonymity was evaluated by two questions of seven points Likert scale question, where 1: strongly disagree to 7: strongly agree. They are based on a scale developed mainly for measuring anonymity in online environment [29] Participants' perceptions were evaluated by task specific questions after each activity. The questionnaire evaluated participants' perceived freedom of speech and their own effectiveness. In the questions, the participants were asked to choose in seven points Likert scale question, where 1: strongly disagree to 7: strongly agree.
The session outcomes were assessed through sticky notes the participants wrote in each step. In idea generation step, fluency and creativity of ideas generated in idea generation session was evaluated. Creativity composed of originality and feasibility [30, 31] . The degree of fluency was evaluated by the number of sticky notes which the participants wrote. The degree of originality and feasibility were measured by two trained evaluators. In present paper, we define originality as "the degree to which the idea is not only rare but is also ingenious, imaginative, or surprising" and feasibility as "the degree to which the idea can be easily implemented" based on [32] . The evaluators were trained by evaluating twenty sample ideas which are irrelevant to the two design topic used for the experiment with a guideline of evaluation. Evaluators were asked to evaluate the same sample until Cronbach alpha reaches reasonable level (> 0.80) [33, 34] . Following the training, the evaluators individually evaluate the ideas which were generated in the experiment. The experiment conditions were blind to the evaluators. Following to individual evaluation, the evaluators discussed their evaluations to make their score difference be less than one points [35, 36] . The weighted Kapper scores were also calculated to measure reliability of evaluation. The average scores were calculated in the ideas which have different score based on the evaluators.
In idea selection step, the total number of pros/cons that each participant wrote down during a condition was counted to objectively assess the effectiveness of participants. Counting the total number of pros/cons per session enables to measure the objective level of participation in judgement task more accurately based on the functional perspective model. In functional perspective model, quality of discussion is measured by four characteristics. These are (1) appropriate understanding of the problematic situation, (2) appropriate understanding of the requirement for acceptable choice, (3) appropriate assessment of positive qualities of alternative choices, and (4) appropriate assessment of negative quality of alternative choices [37] . Counting the number of comments reflects the level of assessment of both positive and negative qualities of alternative choices. Therefore, design discussion with more number of comments could be concluded as better quality discussion.
The collected data was statistically analyzed to compare the two experimental conditions. Non-parametric t-test, either Wilcoxon Signed Ranks Test or Mann-Whitney U test was first employed to detect the significant differences.
RESULT
The following data were analyzed: perceived anonymity of the tool, creativity (individual fluency, group fluency, originality and feasibility), perceived freedom of expression, perceived individual creativity and perceived group creativity.
Manipulation check: Evaluation of perceived
anonymity The analysis shows that significant differences on the questions about anonymity in all phases Table 2 (p < .05). The result implies that the participants felt significantly more anonymity in the tasks with the tools.
In the table 2, Q1 represents "I am confident that others do not know which ideas I generated" and Q2 is "I could identify owner of each idea". The questions were slightly modified to fit into the context of the task. For instance, "I could identify owner of each comment" were asked after pros/cons session. The average score of Q1, in control condition is 3.50 (1.00) whereas the score in tool condition is 4.81 (151). It means that the participants were more strongly confident with that the others could not trace owner of idea. As the nature of Japanese language, it is slightly tricky to understood in English. Both of the result concluded that the participants felt more anonymity 
Assessment of the tool for idea generation
The number of ideas generated in the ideation session were measured by counting the number of sticky notes which each participant wrote. Both individual and group fluency were statistically analyzed (cf. Table 3 ). The individual fluency was significantly increased, but not the group fluency. The creativity of generated idea was evaluated by two criteria, originality and feasibility. The weighted kappa score shows acceptable agreement in originality (Kappa: 0.769) and feasibility (Kappa: 0.787) [38] . It shows that originality of the ideas shows tendency of increase whereas feasibility of idea decreased in statistically significant amount.
The task specific questionnaires showing significantly different score (p < .05) were accumulated in the Table 4 . In the table 4, Q1 is "To what extend did you feel the freedom of expressing your thought?", Q2 is "How creative do you think you were during the task?" and Q3 is "I am satisfied with the amount of idea our group made in this task." The results show the significant increase in the tool condition than control condition.
Assessment of the tool for idea evaluation
The number of critics generated in the pros/cons session were measured by counting number of sticky notes.
The number per idea generated by an individual were statistically analyzed (Table 5 ). It shows that the participants have written significantly more number of pros, cons and both of them (p < .05).
Discussion session
There are statistically significant differences (p < .05) on the following questions; Q1 is "How critical* were you in the task? * criticize: To express your disapproval of someone or something or talks about their faults" and Q2 is "Anonymity matters when I share my thought with others." although the discussion task itself is the same in both condition. (Table 6) The result of Q1 shows that they perceived themselves more critical during discussion in tool conditions. Q2 results shows that the participants consider anonymity significantly more important after the session in tool condition. [23] . It resulted in tendency of higher originality and significant lower feasibility. The selection tool, "Hidden Judge", offered significantly a higher anonymous environment than control condition, which significantly increased objective outcomes of the task. (No tool: Pros/Cons 2.42 (0.96) vs "Hidden Judge": 3.16 (1.30), p = 0.023). The significant increase of the number of pros/cons comments suggests that the participants showed higher performance in group decision making task based on functional perspective model theory [37] . It validates that the tool offering anonymity, "Hidden Judge", is useful to increase objective performance of the participants.
In discussion step, the introduction of anonymity in the previous design step created more perceived higher effectiveness of their own performance (No tool: 3.00 (1.27) vs. Tool: 3.81(1.33), p = 0.032). The differences might influence on perceived importance of anonymity. These results are consistent with Tanis work in computer mediated interaction [25] . Overall, both of the tools offering anonymous environments increased objective performance of the participants. Further analysis on quality of criticism is recommended for better evaluation of impacts of anonymity on idea selection.
Application to design practice
Statistically significant differences of perceived anonymity at pro/cons phases seem to lead the significantly higher perceived critical discussion at discussion steps (No tool: 3.00 (1.27) vs tool: 3.81 (1.33), p = .032). It seems that the securing anonymity at a part of converging phase, could improve productivity of overall converging phases. The differences can be justified by the fact that the participants generated the more number of pros/cons in previous tasks.
When mapping this lab based experiment result into real co-design process, the results suggests two implications. The result shows that the introduction of anonymity did increase performance of participants during design tasks in teams including hierarchical differences. It also suggests that introduction of anonymity may influence positively on the following not-anonymous design steps. In real design projects, the members of design activities are expected to be bounded with social connections with other members more than that of lab based experiments. Therefore, the participants in real design projects may restrain their behavior more than the participants in lab based experiments. It implies that impacts of anonymity in real design projects could be more significant than the results reported in this paper. However, anonymity could decrease motivation of the group member at real design projects in long term. Therefore, introduction of anonymity into real design projects should be well considered beforehand. It is also desirable to research on impacts of anonymity in long term design projects.
This research has other limitations. The sample of participants involved in the workshop (16) was somewhat limited and all participants were recruited from the same university, which may limit the potential factors influencing effectiveness of anonymity.
CONCLUSION
In this paper, we reported the development of two design tools, "Idea Train" and "Hidden Judge", that aim at incorporating anonymity during the generation and the evaluation of design ideas, in a Japanese context. The impact of these tools on creativity and participation was assessed through an experimental evaluation. The results show that introduction of anonymity increases perceived freedom of speech in idea generation phases and significantly higher perceived creativity of the task. The higher perceived creativity is supported by significantly higher fluency of the design outcome. The originality was tendency of increase whereas feasibility was significantly decreased. The results in idea selection show that anonymity increases the number of judgments in idea evaluation. Overall, anonymity help the participants to express their own opinion within groups with hierarchy at a face-to-face setup in a Japanese context. Further research with participants from different contexts is recommended to map the result into different contexts.
